Recent work has provided compelling evidence of a long-term decline in US female labor supply elasticities with respect to wages and to income. While previous work used crosssectional data from the Current Population Surevy (CPS), we reexamine the trend for married women using panel data from the Panel Study of Income Dynamics (PSID) from 1980 to 2006. We find evidence in support of a long-term decline in married females' labor supply elasticities on the participation margin, but less so on the hours margin. We also extend the analysis to investigating the implications of these results on welfare effects of tax reforms. Policy simulations indicate that shrinking elasticities, mostly concentrated on the participation margin, have contributed to a dramatic decline in welfare gains from actual and potential tax reforms since the 1980's.
Introduction
Labor supply elasticity is critical to evaluating the impact of tax and transfer policies, estimating the excess burden of taxation, and analyzing the response of labor force participation over the business cycle. In an era when fundamental tax reform plans reemerge amid questions about the long-term sustainability of the US national debt, precise elasticity measures will be needed to evaluate the impact of potential tax policy changes. Long-term projections by the Bureau of Labor Statistics (BLS) and the Congressional Budget Office (CBO) indicate that the U.S. labor force growth is expected to slow considerably as baby boomers age and labor force participation among key demographic groups either stagnates or declines (Toosi (2012) , Congressional Budget Office (2011)). If so, then updated estimates of labor supply elasticities will aid the design of effective policies to boost labor supply. Married females, whose participation rate recently declined after impressive growth from 1980 to 2000, is a demographic group crucial to the future U.S. labor force.
There has long existed a broad consensus among researchers that the female labor supply is more elastic than that of males. This belief has been challenged in a provocative set of recent papers that found female labor supply elasticities-both with respect to wage and income-have been in a remarkable decline since the 1980's ( Goldin (1990) , Blau and Kahn (2007) , Bishop et al. (2009) , Heim (2007) , Macunovich and Pegula (2010) , (Bradbury and Katz, 2008) , Hotchkiss (2005) , Juhn and Murphy(1997) ). With male labor supply elasticity believed to be already close to zero, the finding that female elasticties have converged toward those of males has significant implications for tax policy and optimal tax rates. Inelastic male and female labor supplies mean that distortions from higher taxes, work disincentives from welfare programs, and incentives from tax credits could now be significantly smaller than previously thought.
Evidence in support of a long-term decline in married women's labor supply elasticity, while strong and compelling, is based almost entirely on cross-sectional data from the Current Population Survey (CPS). Given the significant policy implications of the decline, reexamination of this evidence based on a different data source-preferably, panel data-is desirable. In addition, use of panel data can help address concerns regarding unobserved heterogeneity in female labor supply behavior that, if correlated with wages and income as well as labor supply, may bias estimated elasticities.
While the literature has focused primarily on the long-term decline in elasticities and its likely explanations, precise welfare effects incorporating the declining elasticities remain unknown. 1 Heim (2009) calculated the welfare effects of Economic Growth and Tax Relief Reconciliation Act of 2001 (EGTRRA01) and Jobs And Growth Tax Relief Reconciliation Act of 2003 (JGTRRA03) on married female labor supply and found that welfare calculations for these reforms based on constant or dated elasticity estimates from 1986 can be seriously misleading. Additionally, most existing estimates of welfare effects of major tax reforms for married women have so far been based on traditional formulas, from Harberger (1964) and , that did not distinguish between tax wedges on the extensive (participation) and intensive (hours) margins. 2 In recent work, Saez (2002) and Eissa, Kleven, and Kreiner (2008) have shown that, not only the magnitude but also the composition of elasticities between the hours and participation margins matter for optimal taxes and their excess burden. Precise welfare simulations using this new insight have been conducted only for single women in the context of EITC (Eissa, Kleven, and Kreiner (2008) ). Tax policy implications based on single females' labor supply elasticities may not apply to married females because the two groups' labor market behavior significantly differs. This paper extends existing research documenting a downward trend in labor supply of married women in two ways. First, the paper uses panel data on married women from the Panel Study of Income Dynamics (PSID) covering almost three decades (from 1980-2006) to mitigate concerns regarding unobserved heterogeneity and to reexamine recent crosssectional evidence that female labor supply elasticities have declined. Second, based on estimates of time-varying elasticities and employing a method proposed in Eissa, Kleven, 1 Likely explanations include increasing labor market attachment, rising career orientation due to higher divorce rates, with the result that married women have increasingly become more like men in their labor supply behavior (Goldin (1990) ). Alternatively, the long-term elasticities decline could simply reflect a changing temporal pattern of selection biases in estimated elasticities or changes in sample composition that favors women with lower elasticities (e.g., older, more educated, less white, and with more white collar jobs). Heim (2007) and Blau and Kahn (2007) conducted a number of robustness tests and ruled out most statistical or compositional explanations. 2 Also see , , Hausman and Poterba (1987) . and Kreiner (2008) , the paper simulates the welfare effects on married females of tax policy changes, from six major tax reforms since 1980 by explicitly accounting for both the participation and the hours margin responses.
We have three primary findings. First, we find strong evidence of a downward trend in the participation wage elasticity, as it declined from 0.8 in mid-1980's to 0.4 in the early 2000's. Although, we are unable to detect a clear long-term trend in the hours wage elasticity, we find a weak evidence of a decline since mid-1990's. Driven primarily by responses on the participation margin, the overall compensated labor supply elasticity of married women declined sharply between 1980 and 2006.
Second, we use estimated elasticities to simulate the welfare gains of six major tax reforms since 1980 and find that Economic Recovery Tax Act of 1981 (ERTA81) and Tax Reform Act of 1986 (TRA86) led to the largest welfare gains, of 2 percent and 2.6 percent of earnings on average, respectively. Wives with high household earnings contributed mostly to these welfare gains. On the other hand, later tax reforms (EGTRRA01, JGTRRA03) had more modest welfare effects not only because the tax rate changes were smaller, but also because estimated elasticities declined.
And finally, we find that traditional calculations of welfare gains, that do not distinguish between differing tax wedges on the participation and hours margins, are generally upward biased and that bias is particularly large for married females in the top quartile of the household earnings distribution-54 percent for ERTA81 and 19 percent for TRA86. This paper is organized as follows: Section 2 outlines the static labor supply model of Eissa, Kleven, and Kreiner (2008) . Section 3 discusses the econometric specification and identification. Section 4 provides a brief description of the data and construction of key variables: wages, income, and taxes. Section 5 reports estimated labor supply elasticities.
Section 6 presents welfare implications for tax reforms. There is a brief conclusion.
Theoretical Framework
We adopt the theoretical framework from Eissa, Kleven, and Kreiner (2008) that augments the standard static labor supply model with taxes, to account for fixed costs of work. Fixed costs may be monetary (e.g. commuting cost) or emotional (e.g. stress due to work responsibilities) and may explain excess bunching at zero hours or full time work and that few individuals have very low working hours. Importantly, including such costs have nontrivial implications for identifying the tax wedges relevant for the labor supply participation and hour decisions and for evaluation of welfare effects.
In this framework, the wife chooses consumption and hours of work ℎ to maximize the utility function:
subject to a static budget constraint,
is the utility fixed cost of working which is continuously distributed and (. ) is an indicator function denoting labor force participation. are other exogenous variables affecting preferences for work and is the hourly wage rate. is unearned (or nonlabor) income and includes the husband's income and other unearned income such as asset income.
We adopt a secondary earner model (e.g. Eissa and Hoynes (2004) , Heim (2007) ), where the wife chooses her labor supply conditional on her husband's labor supply decision and we assume that is exogenous. (. ) is a nonlinear tax function that depends on the wife's earnings and is assumed to be piece-wise linear and convex.
With the addition of fixed costs to the standard model, the maximization problem could be solved in two stages. First, solve for optimal hours of work conditional on labor force participation, and second, solve for whether to enter the labor force at the optimal working hours. The first-stage problem is identical to the standard model without fixed costs. At the optimum, the first order-condition holds. Solving for optimal hours yields,
where is the marginal tax rate at optimal hours and is virtual income, which is the intercept obtained from linearizing the budget set at optimal hours. 3
In the second stage, the wife chooses to work if ( (ℎ = ℎ * ), ℎ = ℎ * ; ) − > ( (ℎ = 0), ℎ = 0; ). Because (ℎ = ℎ * ) = + ℎ(1 − ), where is the average tax rate on the wife's earnings at optimal working hours conditional on participation, we get * = (ℎ > 0) = 2 ( (1 − ), , ).
(4)
Note that while the relevant tax wedge for hours conditional on participation is the marginal tax rate, the relevant tax wedge for participation is the average tax rate which equals the additional tax liability (due to wife's participation) as a percent of wife's earnings. 4 For the income effect, the relevant income for participation is the unearned income.
We can now define the extensive margin (participation) and the intensive margin (hours) uncompensated wage and income elasticities as:
After recovering the compensated hours and participation elasticities, ℎ and , from the uncompensated wage and income elasticities using the Slutsky equation, Eissa, Kleven, and Kreiner (2008) showed that the excess burden of a tax reform, , as a percent of pre-reform earning is:
ℎ, , are at the pre-reform levels, and ∆ refers to the change due to the reform. Note, once again, that the right tax wedge to use with the hours elasticity is the marginal tax rate, while with the participation elasticity it is the average tax rate. Once we have the elasticity estimates, the excess burden could be obtained through simulations. 5
In comparison, the traditional (marginal) excess burden formula, that clumps together both margins of labor supply, is: 
are husband's and assets income, respectively. 5 A limitation of this method pointed out in Eissa, Kleven, and Kreiner (2008) is that the formula, like the traditional marginal excess burden formula, is only correct for small tax reforms.
The more general formula in equation (7) reduces to the traditional formula in (8) only when the tax system is of the linear negative income tax type and the reform changes the parameters of this tax system. In this case, the marginal tax rate coincides with the average tax rate. The traditional calculations are biased upwards (downwards) if average tax rates are lower (higher) than the marginal tax rates.
Econometric specification and identification
The previous literature has proposed diverse methods to estimate the labor supply elasticity of married women. To maintain comparability with previous studies, we closely follow the strategies used in Heim (2007) and Blau and Kahn (2007) while remaining consistent with the theoretical model in Eissa, Kleven, and Kreiner (2008) . An important complication in the context of female labor supply is that wages of labor force nonparticipants are not observed and need to be imputed. Following Heim (2007) , we estimate a two-step Heckman-type selection-corrected wage equation (Heckman (1979) ) for each cross section separately.
We use the and indices to denote individuals and years respectively in our panel data.
First, we estimate the standard reduced-form selection equation (9) using a Probit model of labor force participation with = 1 if * > 0 and = 0 otherwise. is unearned income. In basic specifications without taxes, we use gross unearned income. In specifications with taxes, we use net unearned income. consists of a cubic in age and education, a dummy for poor health, dummies for race, state-level unemployment rate, dummies for census divisions, number of children in the household, and a dummy for the presence of children under seven years. are error terms.
In the logarithmic gross wage equation (10), ( � * ) is the inverse Mills ratio from (9); consists of all variables in except number of children, a dummy for presence of children in the household between 0-7 years old, and unearned income. These excluded variables serve as exclusion restrictions. We use predicted wages, � , using equation (10), to estimate the structural hours and participation equations. This helps address the twin concerns of the wage rate being unobserved for nonparticipants and observed wages being endogenous. We estimate the structural labor supply equations by pooling data from multiple years. Writing the labor force participation equation as,
we estimate a Probit model with a similar set of covariates as in the reduced-form equation (9). The only difference is that, following Heim (2007) , we exclude the nonlinear terms of age and education from to help identify the coefficient on � . 6
In the basic specifications without taxes, we set to zero and use gross unearned income for . In the specifications with taxes, we use the average tax rate and net unearned income, which are the relevant budget set variables for the participation margin. Besides being consistent with our theoretical framework based on Eissa, Kleven, and Kreiner (2008) ,
including taxes also provides additional variation that helps identification. Treatment of taxes here is similar to Blau and Kahn (2007) and consistent with, but somewhat different from Heim (2007) who used the first-dollar tax rate (of the wife). Our results, however, are largely insensitive to the exact tax rate variable used.
A natural candidate for the average tax rate measure is the average tax rate at observed earnings. Using this rate, however, is problematic because it is not clear what tax rate to use for nonparticipants, as their earnings are unobserved. Furthermore, average rate based on observed hours and earnings, for labor force participants, are endogenous. We, therefore, use the average tax rate at a predicted earnings level, ℎ � , which is the predicted earnings based on a selection-corrected earnings regression analogous to equation (10), except that the dependent variable is the logarithm of annual earnings. 7
In equation (11), are year dummies to account for unobserved year fixed effects.
represents unobserved individual fixed effects. In our baseline specifications, we assume that is uncorrelated with other regressors and use simple pooled Probit to estimate 6 Note that this helps in identification because the set of covariates, , in wage prediction equation ( equation (11). In additional specifications, we exploit the panel structure and attempt to address the likely correlation of with the other regressors. Because simple fixed effects (FE) models lead to incidental parameters problems in nonlinear models (Neyman and Scott (1948) ), we use correlated random effect (CRE) models. 8 As proposed in a series of recent papers, e.g., Papke and Wooldridge (2008) , Wooldridge (2009) , and Semykina and
Wooldridge (2010), we implement CRE by including individual-specific means over time of all regressors. 9 CRE is more restrictive than FE in assuming a functional form for the relationship between the individual heterogeneity and other covariates. We find that our results are qualitatively similar using pooled Probit models or CRE specifications.
Therefore, while CRE models serve as useful robustness checks, unobserved heterogeneity does not appear to be an important concern.
For hours of work conditional on participation, we estimate a selection-corrected hours equation on just the subsample of workers:
In the basic specification without taxes, we set to zero and use gross unearned income for virtual income (virtual income reduces to gross unearned income when there are no taxes). In specification with taxes, we use the marginal tax rate at observed earnings (of the wife given unearned income) and the virtual income measured at the observed budget segment (see equation (3)). This way to account for taxes is similar to Heim (2007) except that Heim evaluates the marginal tax rate at 2000 hours to obtain an exogenous measure correlated with the tax rate. Strictly speaking, he obtains a reduced-form wage effect rather than a structural wage effect.
We address the endogeneity of the marginal tax rate in (12) using an instrumental variables approach. Instruments could, e.g., be based on the first-dollar tax rate or the marginal tax rate at fixed hours of work (such as Heim's reduced-form tax rate variable). To stay close to the specification for the labor force participation in equation (11), we base our 8 Note that CRE models and fixed effects yield identical estimates in linear panel data models, but they can differ in nonlinear panel data specifications. 9 Letting ( 1 … ) be the set of all regressors and ̅ be the mean of over time for individual , the underlying assumption in the CRE framework of Papke and Wooldridge (2008) is that = ∑ ̅ adequately capture the correlation between and the other regressors. We include only individual-specific time means that had sufficient explanatory power and dropped the ones that were collinear. instruments on the average tax rate evaluated at the predicted earnings (̂). We note that ̂ is reasonably exogenous and also has the advantage of containing more variation than the other suggested options (e.g., the first dollar tax rate or tax rates at 2000 hours). We construct a virtual income instrument, � , in a similar way and use it as an instrument to account for endogeneity of . 10 Because average tax rates are highly correlated with marginal rates, the instruments have sufficient explanatory power in the first stage.
As for the remaining variables in equation (11), ( � * ) is the inverse Mills ratio from equation (9); ℎ contains the same set of variables as but without the nonlinear terms in age and education which serve as exclusion restrictions; are year dummies and represent individual heterogeneity that we assume is either uncorrelated with the regressors or account for it using CRE as proposed in Semykina and Wooldridge (2010) .
In summary our estimation and tax policy simulation framework proceeds as follows. We first estimate labor supply elasticities presented in equations (5) and (6) using our labor supply specifications (11) and (12). We evaluate the elasticities at the sample mean. All standard errors are clustered at the individual level and obtained based on 50 bootstrap replications of estimation, including all intermediate estimation steps, so that standard errors are unaffected by the generated regressors problem. Finally, we use our estimated elasticities for simulations of the excess burden using equations (7) and (8). We report the sample average of excess burden as a share of wife's earnings, i.e., ∑ ∆ ∑ ℎ ⁄ . available from the Department of Policy Analysis and Management at Cornell University are used to construct the key variables used in the paper (Burkhauser et al. (2001) ).
Data
Measurement of key variables follows an approach almost identical to Kumar (2013) , who also used the PSID.
Measurement of Key Variables

Wages and Nonlabor Income
The PSID contains more than a single measure of the wage rate. One measure can be formed by dividing annual real earnings by the annual hours worked. This method is known to induce division bias in labor supply estimates, yielding parameter estimates inconsistent with theory (Ziliak and Kniesner (1999) , Eklof and Sacklen (2000) , Engelhardt and Kumar (2007)). Following Ziliak and Kniesner (1999) and Heim (2009) , we use a selfreported measure of wage from the PSID that does not require dividing annual labor income with annual hours and is free of division bias. In doing so, we use a self-reported measure of hourly wage for hourly workers. For salaried workers, the PSID asked the dollar amount received in salary and the pay period i.e. once a month, twice a month, or weekly. Assuming that the salaried individual worked 40 hours a week, the dollar amount was divided by the respective number of hours worked during the pay period. Throughout the paper, we convert nominal numbers to real 2002 dollars by adjusting with the CPI (U). Unearned income is calculated as the sum of the husband's earnings and the household's asset income obtained from PSID-CNEF data.
Taxes
Our measure of adjusted gross income equals the sum of a household's pregovernment income and government transfer income, both available from the PSID-CNEF data. The pre-government income in PSID-CNEF is the sum of total family income from labor earnings, asset income, private transfers (such as child support and alimony received), and private pensions. Given the itemization status of the household from PSID, the dollar amount of itemized deductions was imputed as the average of itemized deductions for different categories of adjusted gross income from the NBER tax public use files obtained from IRS Statistics of Income. Information on year, filing status, number of dependents, number of age exemptions, household labor income, itemized deductions, and state was used to calculate the federal, state, and payroll tax rates and tax liabilities using the NBER-TAXSIM (Feenberg and Coutts (1993) ). Federal, state and payroll tax rates were then added to calculate the overall marginal tax rates for each individual, for each year.
We report summary statistics for key variables for select years in Table 1 , which shows that both labor supply participation rate and hours of work conditional on participation increased during the sample period, although the participation rate decelerated since 1995. Real gross wage rates and unearned income also increased over time. Both marginal and average tax rates declined sharply in the 1980's due to the two major tax reforms.
Results on estimated elasticities
Baseline models without taxes
Before estimating models accounting for unobserved heterogeneity, we first obtain our baseline estimates without accounting for taxes. We estimate standard static labor supply specifications presented in equations (11) and (12), but ignoring taxes. Our baseline estimates are comparable to those obtained using cross-sectional data from the CPS in Heim (2007) and Blau and Kahn (2007) . Although, we estimated wage and income elasticities separately for each year to examine whether they show a declining trend when estimated using PSID, the results turned out to be noisy. Therefore, we focus on 5-year rolling pooled panels starting with the 1980-1984 panel and ending with the 1998-2006 panel. 12 Figure 1 plots elasticities with respect to gross wages and income for 5-year rolling pooled panels from the PSID, both on the participation and the hours margins; Table 2 presents estimated elasticities for select 5-year pooled panels. 13 Figures 1 shows that participation wage elasticities exhibit a declining trend, similar to that seen in the previous literature. Although there is no clear trend in hours wage 12 We estimate rolling 5-year panel data models using years to + 4 from the PSID for each panel, where varies from 1980 to 1998. Noting that PSID is available only every two years since 1996, we end up with 18 sets of 5-year panels, e.g., 1980-1984, 1981-1985, 1982-1986 … 1996-2004, 1998-2006 . Doing so allows us to detect a trend in labor supply elasticities over time. 13 The full set of results for each year and for all 5-year rolling panels are omitted due to space constraints, but are available from the authors on request.
elasticities, it appears to have fallen in the late 1990's. Moreover, the 95 percent confidence interval always includes zero. Figure 1 also shows that both participation and hours income elasticities declined in magnitude (towards zero) between 1980 and 2006. Estimated elasticities using baseline CRE specifications were similar to pooled models and, therefore, are omitted. Table 2 , presenting a full set of results for select 5-year pooled panels, suggests that most estimates-with the exception of hours wage elasticities-remained significantly different from zero. The participation wage elasticity plunged from 0.84 in 1980-1984 to 0.30 in 1998-2006 panel-a 64 percent decline. There is a similar, but smaller decline for the participation income elasticity from -0.13 to -0.07. Identification remains a concern in baseline models without taxes, as it ignores variation in wages from tax reforms.
Models with taxes
We account for taxes, using labor supply specifications presented in equation (11) for participation elasticities and equation (12) for hours elasticities. Estimated elasticities for 5-year rolling panels using pooled panel specifications along with their 95 percent confidence intervals are plotted in Figure 2 . Table 3 presents a full set of results for select 5year pooled panel model with taxes and, with regard to wage elasticities, confirms a pattern broadly similar to Table 2 for the baseline specification without taxes. We get precise estimates of the income elasticity, but they remain small in magnitude reflecting similarity with a vast majority of estimates in the previous literature. Both Figure 2 and Table 3 suggest that, while the participation wage elasticity registered a remarkable decline, such a secular trend is not apparent in case of hours wage elasticities. 14 The pattern from CRE models with taxes also is qualitatively similar and can be gauged by comparing select 5-year panel results in Table 3 (pooled panel) with those in Table 4 , which presents results from the CRE models. We plot elasticities along with their 95 percent confidence intervals from the CRE specification with taxes in Figure 3 . The figure strongly confirms the pattern we found earlier, the participation wage elasticities 14 The partial F-statistic on average tax rate-based instruments in the first stage of the selection-corrected hours regression exceeded 38 in various 5-year panels for net wage in CRE models and 46 in pooled panel models. The partial F-stat for virtual income was even higher and the p-Value on instruments in both net wage and virtual income equations were smaller than 0.01 in all 5-year panels.
show a strong secular decline since early 1980's. 15 Meanwhile, hours wage elasticities do not exhibit a clear pattern and the estimates are imprecise. The estimates of participation income elasticities are highly imprecise. The hours income elasticities are small in magnitude, but negative throughout and, therefore, are consistent with the long-held belief that leisure is a normal good. The hours compensated elasticities not only are substantially smaller but also are very imprecisely estimated, as their 95 percent confidence intervals include zero in multiple years. Since compensated elasticities from pooled and CRE models with taxes are similar, we plot overall compensated elasticities-the sum of the participation and hours marginsfrom the CRE model in Figure 5 . Given the dominance of the participation wage elasticities and the fact that they have declined sharply, the overall elasticities mirror that trend and, are significantly different from zero.
A sharp decline in some components of fixed costs of work, e.g. commuting time, explains some of the differing patterns of participation and hours wage elasticities (Black at al. (2014) ). While fixed costs are key to the participation decision in the theoretical framework that we adopt from Eissa, Kleven, and Kreiner (2008) , they have a rather limited role in the choice of hours conditional on participation. The intuition is that once a married female has decided to enter the labor force, fixed costs should matter less for hours conditional on working. It is well-documented that a dramatic run-up in married females' labor force participation contributed to the decline in their labor supply elasticities (Goldin (1990) ). A long-term decline in fixed costs is, therefore, broadly consistent with the sharp increase in married females' labor force participation as well as an associated decline in sensitivity of participation to wages. Fixed costs' impact on hours is more subdued and the influence on hours elasticities, therefore, more limited. While the previous literature focused 15 The overall wage elasticity calculated as the sum of participation and hours margin elasticities reported in Figures 2 and 3 and Tables 3 and 4 are close to the median estimate of 0.7-0.8 in two major survey papers by Killingsworth and Heckman (1986) and Blundell and MaCurdy (1999) . Our estimated overall labor supply elasticities in the 1980's are close to other papers using the PSID e.g. , Hausman and Ruud (1984) , and Triest (1990) , who reported wage elasticities of 0.9, 0.76, and 1, respectively. on the overall trend and other likely explanations of declining elasticities, what these trends precisely mean for welfare impact of taxation was left largely unanswered. We now proceed to answer this question.
Implications for tax policy
Simulated welfare effects of potential tax cuts
The long-term decline in the labor supply elasticities, although concentrated mainly on the participation margin, would suggest that the excess burden from taxation may have declined significantly between 1980 and 2006. We simulate marginal excess burden of tax reforms using both, the formula in equation (7)-which accounts for different tax wedges between the participation and hours margins-as well as the traditional formula in equation (8).
To assess the extent to which using (7) rather than the traditional formula (8) really matters, Figure 6 plots the simulated sample average marginal excess burden from a 10 percent cut in both the current marginal tax rate and the average tax rate for each individual in each year of our estimation sample from the PSID and compares it with the excess burden obtained using the traditional formula. Marginal and average tax rates include federal, state and employee portions of payroll taxes. Because estimated elasticities from both pooled and CRE models with taxes are qualitatively similar, for calculations in Figure 6 , we focus on our estimates of time-varying elasticities from the CRE specification with taxes, presented in Table 4 and Figure 3 . Comparing the two solid lines in Figure 6 suggests that, because average tax rates tend to be lower, the traditional formula overestimates the marginal excess burden from the 10 percent tax cut. 16 The two dashed lines show marginal tax burdens calculated using constant elasticities, which were set to the average compensated elasticity from 1980 to 2006.
Comparing the solid and the dashed lines indicates the bias from use of time-constant elasticities rather than time-varying ones. Overall, Figure 6 shows the combined effect of the long-term decline in compensated elasticities and lower tax rates and suggests that welfare gains from tax reforms for married females have declined sharply between 1980 and 2006. 16 The reason is that the traditional formula applies a weight of /(1 − ) ∆ to the compensated participation elasticity ( ). The formula based on Eissa, Kleven, and Kreiner (2008) uses the appropriate weight of /(1 − ) ∆ .
We now turn to calculation of the welfare gains from the six major tax reforms since 1980, incorporating the new estimated elasticities and accounting for the differing tax wedges on the two margins of labor supply.
Welfare effects of six major tax reforms 17
During the sample period, there were several major tax reforms. We investigate the welfare effects for ERTA81, TRA86, OBRA90, OBRA93, EGTRRA01, and JBTRRA03.
Using NBER-TAXSIM, Figure 7 presents federal marginal tax rates at different levels of real earnings (2002 dollars) before and after these major tax reforms, for a married and joint tax filer with two children starting at zero earnings for the couple. A clear implication from Following Eissa, Kleven, and Kreiner (2008) , we base our tax simulations for the major tax reforms on marginal and average tax rates and tax liabilities calculated on the husband's earnings plus the wife's predicted earnings based on a Heckman-type selectioncorrected earnings regression similar to the one used to predict hourly wages using equation 17 In addition to, ERTA81, TRA86, EGTRRA01, and JGTRRA03, mentioned earlier in the text, we also simulate the effects of Omnibus Budget Reconciliation Act of 1990 (OBRA90) and Omnibus Budget Reconciliation Act of 1993 (OBRA93). 18 NBER-TAXSIM includes EITC in its federal tax calculations but does not incorporate changes in effective marginal tax rates due to phase-out of cash or in-kind transfer programs, e.g., AFDC, TANF, Medicaid, Food Stamps etc. Since we ignore cash and in-kind benefits in tax rate calculations, we likely underestimate changes in effective marginal and average tax rates for low-income households in our sample. Relative to single women, however, this should be a much smaller concern for our sample of married women.
(10). 19 Table 5 presents the sample average of all the components of the excess burden formula (7), along with sample average marginal excess burdens calculations for each major tax reform. TRA86 resulted in the largest welfare gain for married females, on average, because the reform led to the largest decline in marginal tax rates (6.4 percent) as well as in average tax rates (5.9 percent). 20 Because of reduced size and scope, reflecting significantly lower compensated elasticities, subsequent tax reforms produced relatively modest welfare gains. It will be interesting to study how much the marginal excess burden would differ if calculations used the traditional formula that does not distinguish between the tax wedges of the two margins. Figure 10 compares the marginal excess burden using the new and the traditional calculations for the two tax reforms that produced the most significant welfare gains. The comparison suggests that the traditional calculation, which does not account for the differing tax wedge on the participation and the hours margin, would generally overestimate the welfare gain, particularly for wives belonging to the top quartile of the household earnings distribution. But for the third quartile, the traditional measure of welfare gain from TRA86 is downward-biased because cuts in effective average rates, for this quartile, were larger than marginal rates, as Figure showed. Finally, Figure 11 presents welfare gain calculations for the two methods-accounting for both margins using (7) and the traditional calculation from (8)-for the remaining four major tax reforms and points to important differences for 19 The marginal tax rate of the wife is simply the tax rate on the last dollar of husband's earnings plus the wife's predicted earnings. The average tax rates is the change in tax liability from the addition of the wife's predicted earnings to husband's earnings expressed as a percent of the wife's predicted earnings. 20 In marginal excess burden calculations for six major tax reforms we only consider federal tax rate changes. wives belonging to different quartiles in the household earnings distribution. Most notably, the traditional formula significantly overestimates the welfare gains from JGTRRA03 for the third quartile and the upward bias amounts to 78 percent.
Conclusion
The primary objectives of this paper were (1) to reexamine recent cross-sectional evidence that female labor supply elasticities have declined using almost three decades of data from the PSID and (2) to simulate the welfare effects of tax policy on married females by explicitly accounting for both the participation and the hours margin responses.
Using data from PSID from 1980-2006, we find a discernible trend toward smaller labor supply elasticities with respect to wages and nonlabor income on the participation margin; wage elasticity declined from 0.8 in early 1980's to 0.4 in early 2000's. Our estimates of income elasticities are small and much of the decline happened after 1990.
Unlike previous research, we are unable to detect a clear trend in hours wage elasticities.
More subdued sensitivity of hours to wage changes-relative to participation-could be due to a long-term fixed costs decline that primarily affected participation rather than hours.
Nevertheless, because a bulk of the labor supply response due to wage changes was concentrated on the participation margin, we find evidence of a dramatic 50 percent decline in overall compensated elasticities (from 0.8 to 0.4) and significant reduction in associated welfare costs of taxation between 1980 and 2006.
We simulate the welfare gains (as a percent of earnings) of six major tax reforms since 1980 and find that ERTA81 and TRA86 led to the largest gains of 2 percent and 2.6 percent of earnings on average, respectively. On the other hand, welfare gains from EGTRRA01 (0.1 percent) and JGTRRA03 (0.5 percent) were substantially lower, because tax rate changes from the tax reforms as well as compensated elasticities were significantly smaller than in the 1980's. We also find that using time-varying elasticities and accounting for both participation and hours margins responses are important for simulating the impact of tax policy. In particular, use of older elasticity estimates or a traditional (Harberger-type) formula of estimating welfare costs of recent tax policy changes would overstate welfare gains from tax cuts. Moreover, the bias from ignoring differing tax wedges for the two margins of labor supply and relying instead on traditional calculations varies widely by quartiles of household earnings distribution; the bias is generally upward but in some cases also downward. The upward bias from traditional calculations is particularly large for the top quartile-54 percent for ERTA81 and 19 percent for TRA86.
Our findings have both positive and negative implications for the effectiveness of tax policy to achieve desired objectives. Since we find that taxes are now significantly less distortionary than in the 1980's and the 1990's, the government can raise taxes to reduce the fiscal deficit at a significantly lower welfare cost. On the other hand, consistent with previous research on declining elasticities, our findings also imply that tax policy can no longer be counted upon to strongly induce married females to enter the workforce to prop up the labor force participation rate, as was possible several years ago.
The models we estimate share a number of simplifications with the previous literature on declining elasticities and, therefore, are subject to similar biases. First, we estimate a secondary earner's model of female labor supply in a unitary rather than collective framework. Second, we have abstracted from assortative mating and endogenous fertility. Third, we linearize the budget set and employ an instrumental variables approach that relies on strong identification assumptions (Heim and Meyer (2003) . An alternative is to estimate a labor supply function incorporating the entire budget set (Burtless and Hausman (1978) , Blomquist and Newey (2002) , Kumar (2008) , Liang (2011 ), Kumar (2012 ).We also do not model fixed costs and associated non-convexities. Nevertheless, our tax policy implications are relatively unaffected by omission of work costs (Heim and Meyer (2004) . Fourth, we use panel data but ignore intertemporal considerations such as human capital accumulation that are known to induce downward bias in estimated elasticities (Imai and Keane (2004) ). If this condition prevails, then lower estimated elasticities may simply be a consequence of growing importance of human capital accumulation. Our model also does not incorporate optimization frictions causing observed elasticities to deviate from structural estimates (Chetty (2009) ). Our tax policy simulations abstract from the realities of a general equilibrium framework. Addressing one or more of these shortcomings in examining the long-term trend in labor supply elasticities is a fruitful avenue for future research. 1980-1984 1984-1989 1990-1994 1995-2002 1998-2006 1980 to 2006, e.g., 1980-1984 … 1998-2006 . Estimates presented are for select 5-year panels. All standard errors are clustered at the individual level and obtained based on 50 bootstrap replications of estimation, including all intermediate estimation steps, so that standard errors are unaffected by the generated regressors problem. ) 1980-1984 1984-1989 1990-1994 1995-2002 1998-2006 1980 to 2006, e.g., 1980-1984 … 1998-2006 . Estimates presented are for select 5-year panels. All standard errors are clustered at the individual level and obtained based on 50 bootstrap replications of estimation, including all intermediate estimation steps, so that standard errors are unaffected by the generated regressors problem. ) 1980-1984 1984-1989 1990-1994 1995-2002 1998-2006 , 1980-1984 … 1998-2006 . Correlated random effects (CRE) models used means of variables with enough within variation included as additional regressors. Estimates presented are for select 5-year panels. All standard errors are clustered at the individual level and obtained based on 50 bootstrap replications of estimation, including all intermediate estimation steps, so that standard errors are unaffected by the generated regressors problem. 
Marginal excess burden presented are averages of individual estimates in the estimation sample from the PSID.
Figure 1
Notes: See Note: Marginal excess burden are expressed as percent of wife's earnings and are averages of individual estimates in each quartile in the estimation sample from the PSID. Plots labelled "Both Margins" refer to excess burdens calculated using equation (7) by accounting for differing tax wedges on participation and hours margins. Plots labelled "Traditional" refer to excess burdens calculated using equation (8). Pre-reform tax ratio and changes in federal tax rates were calculated using NBER-TAXSIM. Change in tax rates due to the reform based on pre-reform inflation-adjusted earnings. 
Marginal Excess Buden from TRA-1986
Both margins Traditional Figure 11 Note: Marginal excess burden are expressed as percent of wife's earnings and are averages of individual estimates in each quartile in the estimation sample from the PSID. Plots labelled "Both Margins" refer to excess burdens calculated using equation (7) by accounting for differing tax wedges on participation and hours margins. Plots labelled "Traditional" refer to excess burdens calculated using equation (8). Pre-reform tax ratio and changes in federal tax rates were calculated using NBER-TAXSIM. Change in tax rates due to the reform based on pre-reform inflation-adjusted earnings. 
